2 (group A) was compared with the use of nonsterile chemotherapy gloves with initial and repeated disinfection with IPA for year 3 (group B) and the use of sterile gloves with initial and repeated disinfection with IPA for year 4 (group C). The process involved multiple discrete manipulations, including reconstitution of dry-growth medium; transfers of growth medium from vials and ampules using syringes, needles, a dispensing pin, and a filter straw; and transfers to an empty plastic i.v. bag. For groups B and C, significant reductions in contaminated samples were found compared with group A. Conclusion. The use of protective chemotherapy gloves that were repeatedly disinfected with IPA decreased the contamination rate of pharmacy-compounded sterile preparations.
Index terms: Alcohols, isopropyl; Compounding; Contamination; Disinfectants; Gloves; Pharmacy; Sterile products Am J Health-Syst Pharm. 2007; 64: T he adoption of United States Pharmacopeia (USP) chapter 797, Pharmaceutical CompoundingSterile Preparations, 1 set a new national standard for quality assurance measures in compounding sterile preparations. The new USP standard came in the wake of a series of injuries and deaths around the United States from contaminated doses. [2] [3] [4] Consequently, pharmacies in hospitals and in other settings and regulatory bodies are reappraising the quality of sterile compounding efforts.
Many home care pharmacies were originally established and built with quality assurance measures that met or exceeded the current USP standards, even before those standards existed. These high-quality aseptic compounding operations led the way, proving that a higher level of quality assurance was technically feasible and financially achievable. The higher level practices of these pharmacies led to USP chapter 1206, Sterile Products for Home Use, 5 and the ASHP Guidelines on Quality Assurance for Pharmacy-Prepared Sterile Products, 6 which provided guidance for quality assurance and quality assessment that were intended to represent an acceptable quality standard
Am J Health-Syst Pharm-Vol 64 Apr 15, 2007 and a level of aseptic compounding care that patients have a right to expect from those who prepare their sterile medications. Much of the effort and angst of pharmacists who have undertaken improvement of their quality assurance process tend to be focused on environmental engineering controls, such as cleanrooms, laminar-airfl ow workbenches, and compounding aseptic isolators. Perhaps this is because the environmental controls are technically challenging and involve expense. However, there also appears to be an unwarranted tendency to act as if any medication prepared in one of these devices is automatically sterile without regard to other factors. This has been termed the "magic box" fallacy. Unfortunately, these clean-air, controlled environmental devices are not magic boxes, and other concerns can negate any benefi cial effect from the engineering controls. Indeed, an overconcern with facilities and engineering controls may prove to be a distraction from the most important and potentially least expensive actions that pharmacists can take: the improvement of human work practices in the preparation of sterile dosage forms.
Previously, we have reported the results of using media-fi ll simulations to evaluate the potential low-and medium-risk-level contamination rates in our institution. 7, 8 In the evaluation of low-risk-level compounding, 7 relatively little potential for contamination was observed, which is consistent with other studies. 9, 10 However, the medium-risk-level simulation resulted in an astonishing 5.2% contamination rate among 539 individual evaluations, which the authors viewed as wholly unacceptable. 8 This contamination rate occurred even though the media-fill compounding simulation was performed in an International Organization for Standardization (ISO) class 5 (class 100) clean-air environment with a proper aseptic technique.
For the media-fill evaluations of aseptic technique at M. D. Anderson Cancer Center, each individual received training and coaching in proper hand washing and sanitizing, proper gowning and gloving, and proper aseptic manipulations. Even so, we believe that the principal source of this contamination resulted from inadvertent and unrecognized touch contamination during the preparation procedure. Our practice during this two-year period of routinely compounding using bare hands or nonsterile, chemotherapy-protective gloves along with unavoidable human error in sample manipulations appeared to be contributing to this unacceptably high contamination rate.
Therefore, using the same complicated multiple-step testing mediumrisk-level compounding procedure that was used previously for the aseptic technique evaluations, 8 we undertook further evaluations of two modest and simple work-practice changes to determine if these simple changes could effectively reduce the potential for contamination occurrence.
Methods
The division of pharmacy at this institution provides sterile compounding training to employees, including a 20-hour didactic training course to all pharmacists and a 40-hour didactic course to technicians who may be involved with sterile preparation. In addition to the didactic course, a practical evaluation is performed on all individuals that involves a complicated multistep series of aseptic transfers so that each individual demonstrates adequate competency in aseptic technique. The didactic training and practical evaluation must be completed successfully before any individual can initiate actual sterile preparation for patient administration.
In addition to the initial training and evaluation, each individual pharmacist and pharmacy technician must successfully demonstrate aseptic preparation competency annually by performing the complicated multistep aseptic transfers of growth medium with no resulting growth of microorganisms. The multistep aseptic transfers are designed to simulate manual compounding of the most complicated medium-risk-level preparations anticipated as specifi ed in USP's chapter 797. 11 The use of bare hands and nonsterile gloves with only initial disinfection with 70% isopropyl alcohol (IPA) during years 1 and 2 (group A) 8 was compared with the use of nonsterile chemotherapy gloves a with initial and repeated disinfection with IPA for year 3 (group B) and the use of sterile gloves b with initial and repeated disinfection with IPA for year 4 (group C). Except for these changes, all other aspects of the aseptic technique evaluations remained the same as for group A, 8 including the nonsterile chemotherapy protective gloves.
a Many of the individuals being tested during this four-year period had extensive experience in sterile preparation and had participated in the testing for a number of years, although many others had more limited experience. The results of evaluation groups B and C were then compared with the previously obtained results of the evaluations in group A.
Before beginning the test, each individual removed all fi nger, hand, and wrist jewelry and watches; donned shoe covers c and hair covers c ; thoroughly cleaned their hands, nail areas, and arms with antimicrobial detergent and water; and donned gowns.
d During years 1 and 2 (group A), the gloves that were used were latex free, powder free, nonsterile, and chemotherapy protective.
a These gloves were not disinfected during the multistep test procedure. During year 3 testing (group B), the same latexfree, powder-free, nonsterile chemotherapy protective gloves a were used but were disinfected frequently and repeatedly by wiping the gloves, espe-Am J Health-Syst Pharm-Vol 64 Apr 15, 2007 cially the fingertips, with sterile pads saturated with IPA before the start of the test and after every manipulative step in the multiple-step procedure. The gloves were considered to be and were handled as nonsterile containment devices to prevent contamination from the shedding of skin organisms in the critical compounding area and to provide protection to the compounding personnel from exposure to chemotherapy drugs. Individuals were reminded and encouraged to avoid touch contamination throughout all of the testing. During year 4 testing (group C), the effect of using latex-free, powderfree, sterile, chemoprotective gloves b with frequent and repeated IPA disinfection was evaluated. Sterile gloves do not remain sterile during the compounding process because of the necessity of touching nonsterile items and surfaces. Consequently, the gloves, especially the fingertips, were disinfected after every manipulative step in the multiple-step procedure in which anything that was nonsterile was touched.
No facemasks were used because the vertical laminar-airflow biological safety cabinets e were equipped with transparent face shields. The biological safety cabinets had all been certified to meet ISO class 5 air quality on a routine twice-yearly schedule. The biological safety cabinets, which had the blowers running for at least 60 minutes before testing began, were located in a cleanroom or in a pharmacy satellite area separated from the general environment; they were cleaned thoroughly on all surfaces with IPA before each evaluation. In addition, as for the previous testing in years 1 and 2, the exteriors of all nonsterile materials entering the ISO 5 compounding environment, such as media vials, were disinfected with IPA before the start of compounding manipulations.
The sterile growth medium and process used were the Valiteq Aseptic Technique Validation System. f The process involved multiple discrete manipulations, including reconstitution of dry-growth medium; transfers of growth medium from vials and ampules using syringes, needles, a dispensing pin, and a filter straw; and transfers to an empty plastic i.v. bag (appendix). Each of these manipulations is routinely required of the aseptic compounding personnel. All of the materials and devices were sterile when purchased. Each individual who is tested must perform all of the steps without contaminating the sterile growth medium. An instructor or coach is present to remind the individual of the steps to be performed, to advise on issues of proper technique, and to evaluate the appropriateness of the technique that the individual then uses. The complicated nature of the evaluation steps were used to simulate USP chapter 797 medium-risk-level compounding and is the same as the procedure used in evaluations in previous years.
The final product to test was 100 mL of growth medium packaged in a plastic bag. The bags were stored according to the growth medium manufacturer's recommendation with incubation at 25-35 °C over 14 days and observed for growth of organisms. When growth occurs, the growth medium appears cloudy or turbid or has discrete colonies and shows sedimentation. Successful completion of the test is defined as the growth medium in the plastic bag remaining a uniform, clear, light-amber solution. If growth does occur, the individual must repeat the aseptic technique testing until a satisfactory result of no observed growth is achieved.
The chi-square test 12, 13 was used to compare possible differences in contamination rates between years 1 and 2 (group A) and years 3 (group B) and 4 (group C). If the null hypothesis was rejected, the Bonferroni correction 14 was used to determine significant differences, defined as p < 0.05. 12, 15 Fisher's exact test 12, 13 was used to compare the results of groups B and C for the use of sterile versus nonsterile gloves with frequent IPA disinfection.
Results
For groups B and C, significant reductions in contaminated samples were found compared with group A, which exhibited 28 contaminations out of 539 individual tests (p = 0.000018). Compared with group A, using nonsterile chemotherapy gloves with repeated IPA disinfection (group B) resulted in 3 positive growth samples among 311 individual aseptic technique tests for a contamination rate of 0.96% (p = 0.0029). When sterile chemotherapy gloves were used along with repeated disinfecting with IPA (group C), the contamination rate was lower still with only 1 positive growth sample among 296 individual aseptic technique tests for a contamination rate of 0.34% (p = 0.0005). These reduced contamination rates can be contrasted to group A for years 1 and 2 and its unacceptable 5.2% rate. The apparent difference between groups B and C was not statistically significant (p = 0.3367), possibly because of the low number of contaminated samples. Even so, this result suggests that a contamination below 1% can be achieved if initially sterile protective gloves are used.
Group A testing also revealed that pharmacists and technicians who worked directly and regularly in sterile preparation had the worst record, exhibiting a contamination rate of about 6.3%; pharmacists who did not work regularly in sterile preparation exhibited a lower rate of contamination of 3.9%. 8 This may have resulted from familiarity of those individuals with aseptic compounding leading to less rigorous aseptic practices. 8 In the testing of groups B and C, all four contaminated samples among 607 total tests were prepared by pharmacists who work directly and regularly in sterile preparation, further supporting that speculation. 
Discussion
There is no doubt that these occurrences of microbial contamination are a failure of one or more elements of contamination control. Perhaps it was an inadvertent error in aseptic technique or an unavoidable and unrecognized transfer of microorganisms with no aseptic technique error involved. In either case, the most likely source of the contaminated samples is touch contamination. However, the authors recognize that contaminated samples can also result from airborne sources. 4 The pharmacy's sterile compounding process relies on human manipulations for preparing medications. However, relying on fallible and microbially contaminated humans to perform fl awlessly and with perfection is a doomed strategy that will inevitably lead to aseptic failures and contaminated doses. While there are many sources of microbes that can lead to the nosocomial infections that plague our patients, it is the responsibility of pharmacists and all other compounding personnel to eliminate the sterile compounding process as a source of contamination that can potentially result in patient sepsis.
Sterile compounding personnel typically consider every unit that they prepare to be sterile. Too often, little consideration is given to the fact that inadvertent contamination of compounded units is actually occurring on a regular basis. Since sterile compounding was routinely conducted on actual drug products for human use by many of these individuals whose aseptic technique was evaluated during the time frame covered by this testing, the actual contamination rate for complex multicomponent medium-risk-level preparations administered to patients may have also been unacceptably high but not recognized. Indeed, contamination may actually be occurring more frequently in routine preparation than was found in the aseptic technique testing because the individuals may be on their aseptic technique "best behavior" during the observation and testing procedure and may be less so in day-to-day operations.
We believe the likeliest source of the contamination that we found in our aseptic technique evaluations is the individual compounding the preparations. The reality may simply be that there is an abundance of opportunities for fallible and microbially contaminated human beings to inadvertently contaminate the products, most probably by touch, during aseptic preparation manipulations. A pharmacy's actual contamination rate will be the result of all of the contamination risk factors, including the nature and complexity of the compounding operation, the quality of the preparation environment, and the skill of the preparer. Even with the best environmental controls and most highly skilled individuals, inadvertent contamination is a likely probability that should be considered and evaluated for its patient safety implications.
The essence of quality assurance in sterile compounding is proving that the pharmacy is, in fact, delivering what it purports to be delivering-a sterile preparation. The burden of responsibility is on all compounding personnel to reduce the contamination rate as much as possible. This is a level of care that patients have a right to expect and compounding personnel have an obligation to provide.
Conclusion
The use of protective chemotherapy gloves that were repeatedly disinfected with IPA decreased the contamination rate of pharmacycompounded sterile preparations. 
